mal ballistic tracings shows that the values of the velocity of body displacement present a small scatter (mean value 68.3 + 13.9 mm. per second) and are independent of body weight and surface area. For uniformity of values and simplicity of calculation, which can be effected also on many abnormal tracings, it is suggested that the velocity of body displacement be used as an index of quantitative ballistocardiography.
AT PRESENT the examination of ballistic tracings includes a qualitative and a quantitative analysis. The qualitative examination is concerned with the shape of the tracings, independent of the amplitude of the various deflections, and does not require that the tracings be recorded with special calibration. Quantitative analysis, on the other hand, can be applied only to tracings recorded with ballistocardiographs that employ a swinging bed and that may be precisely calibrated.
Up to now the indexes used for the quantitative analysis of the ballistocardiogram have been: (a) the calculation of the stroke volume (SV), and (b) the calculation of the maximal cardiac force (A1CF), according to Starr.' Several formulas have been applied to the calculation of stroke volume, among which the one most used and most practical is the formula of Tanner2: SV = 100A/21 + JVQC where I and J are the areas under the I and J waves of the ballistocardiogram; C is the duration of the cardiac cycle in seconds. The values of the stroke volume obtained with this formula differ somewhat from the real values obtained with the gas analysis method which makes use of the principle of Fick.3' 4 has not yet been completely clarified, there is no doubt that the movements of the body, those at least which occur during systole, are due directly or indirectly (through the movement of the blood in the vessels) to the action of a force generated from a central source of energy, namely the heart.
Can the ballistocardiogram give a quantitative definition of this force? The unit of measure of a force is the dyne which corresponds to the force of 1.0 Gm. acting for 1.0 second. Obviously the ballistocardiogram cannot define in this manner the force of the heart.
An indirect means for the evaluation of a force is represented by the estimate of the work it performs. It is known that the work of the heart is expressed by the formula Tar = P I + SVT 12 where P is the mean arterial pressure; SV is the stroke volume; V is the velocity of the blood at the level of the aortic orifice.
In fact the work of the heart is represented by a static component (P. SV) which expresses the energy expended in developing a pressure equal to the arterial pressure upon the blood ejected at each systole, and a dynamic component 82 which expresses the energy expended in imposing a given velocity (V) on the blood mass. From the ballistocardiogram we can estimate the value of the static component but not that of the dynamic component, because we have no means of calculating the velocity of the blood. Cardiac work expressed by the value of the static component is open to criticism on the basis of the same considerations we have made regarding the calculation of the stroke volume from the ballistocardiogram, and also because the dynamic work is a negligible element under basal condition and in normal hearts, whereas it increases considerably after effort and in many forms of heart disease. Another quantitative criterion for the evaluation of a force may be represented by the acceleration that this force imparts to the mass upon which it acts: by the second law of dynamics we know that "a force is proportional to the acceleration which it impresses on the body upon which it acts, and has the same direction as this acceleration." The force of the heart, during systole, produces an acceleration of the blood mass and of the body, the complex movements of which are precisely those recorded by the ballistocardiogram. Therefore the value of the acceleration impressed on the body by the force of the ventricular systole may be calculated from the ballistocardiogram by computing the second derivative of the ballistic curve, that is, the derivative of velocity in relation to time. This calculation is too complex to be of practical use.
An indirect method for the estimate of the magnitude of a force may also consist of the calculation of its impulse. Impulse of a force is defined as the product of the force and the time of its action, and is expressed by the formula I = Ft By the second law of dynamics
where m is the mass of the body upon which the force acts, and a is the acceleration impressed on the body by this force. Multiplying both the members of the preceding equation by t we have Ft = mat
Since at = V (velocity), we can write Ft = mV mV is defined as momentum (M). It may be readily seen that momentum equals impulse, expressed by the same formula. The impulse of the cardiac force may therefore be estimated by calculating the momentum impressed on the blood (and therefore on the body) during systole. The momentum is easily calculated on the ballistocardiogram, because mass equals body weight and velocity may be derived from the ballistocardiogram by measuring the distance traveled by the body and the time employed to cover it.
In reality the ballistocardiogram shows that the movement of the body during systole is not unidirectional, inasmuch as it is recorded as a polyphasic curve. Such polyphasism is probably due to the summation of the cardiac ejection force and the forces generated by the movement of the blood within the large vessels. These forces develop in different directions, mainly on account of the curvature of the aortic arch. At the present time we do not know which is the deflection caused directly and exclusively by the cardiac ejection force. We have, therefore, thought of calculating the momentum of the body during the movement inscribed from the peak of the I wave to the peak of the J wave. This movement was chosen for the following reasons: (a) since this is the greatest movement recorded by the ballistocardiogram during systole, it can be assumed that it corresponds to the maximal impulse of the cardiac force; (b) it was chosen for practical reasons, since this is the movement which can be determined with the greatest accuracy even if the ballistocardiogram is abnormal in form. We have indicated by Mb the momentum of the body thus calculated.
Not even Mb, however, represents a measure of the work of the heart because of thefollowing considerations: (a) The ballistic curve is polyphasic and in reality we are unable to establish the momentum of all the movements of the body.
(b) The calculated movement IJ undoubtedly is the resultant in the head-to-foot direction of many forces acting in different directions. On the other hand our present understanding of the genesis of the ballistic waves is too uncertain to establish whether, to what extent, and under what physiologic or pathologic conditions, changes in the direction of these forces may modify the resultant in the head-to-foot direction, independently of the total variance in the work of the heart.
(c) The momentum impressed on the body could be taken to represent the work of the heart provided the resistance to the ejection of the blood during the ventricular systole were always the same. Instead there are many conditions which greatly modify such resistance: among these are variations in the size of the aortic orifice and changes in the viscosity of the blood. For instance, in aortic stenosis the momentum impressed on the blood, and therefore on the body, can be greatly reduced owing to the obstacle to the passage of the blood through the narrow aortic orifice, whereas in reality the work of the heart is greater than normal.
Even with these reservations concerning the possibility of evaluating the work of the heart, it is nevertheless undeniable that the momentum impressed on the body is proportional to the momentum impressed on the blood during ventricular systole. And as the latter is the resultant of at least two main factors (ventricular ejection force and resistance), it is evident that the momentum and consequently the speed of body displacement (Vb) represent reliable quantitative indexes of the complex hemodynamic and ballistic condition of ventricular ejection.
We have, therefore, considered it useful to estimate the values of these measurements in normal persons and to establish whether they could represent a practical index of quantitative ballistocardiography.
TECHNIC
From the ballistocardiogram of 100 healthy subjects we have calculated the momentum of the body (Mb) and the velocity of body displacement (Vb). Our cases included 52 males and 48 females ranging in age from 15 to 40 years (mean age 31 years).
The ballistocardiograms (all normal in form) were recorded at basal rest with a ballistocardiograph of our construction, which consists of a high-frequency swinging bed,6 exactly calibrated so that release of a 280 Gm. weight displaces the base line 1 cm. The momentum (Mb) was estimated according to the formula Tables 3 and 4 show the frequency in per * It may be noted that this formula corresponds to the one proposed by Nickerson4 (IJ amplitude divided by I-J interval) for the calculation of stroke volume from ballistocardiograms recorded with a low frequency ballistocardiograph. However, the reliability of Nickerson's formula has been questioned by Brandt and associates,7 especially during the action of drugs or diseases. We suggest that the velocity of body displacement (Vb) be used as an index of quantitative ballistocardiography for the following reasons: (a) the values are uniform and are independent of body weight and surface area; (b) the calculation is simple and can be made also on many abnormal tracings; (c) it is a quantitative expression of the complex hemodynamics of the ejection phase of the ventricular systole.
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SJUMARIO ESPAROL La calculacio'n de la velocidad de desplazamiento del cuerpo y del momento del cuerpo en 100 trazados balisticos demuestra que los valores de la velo(cidad del desplazamiento del cuerpo presentan un pequefio esparcido (valores promedio 68.3 ± 13.9 mm. por segundo) y son independientes al peso del cuerpo o al area de superficie. Para la uniformidad de los valores y la simplicidad de calculation que se puede efectuar tambie'n en muchos trazados anormales, se sugiere que la velocidad de desplazamiento del cuerpo se use como un indice quantitativo de balistocardiograffa.
